Tree stumps provide habitat for insect assemblages, which are influenced by various factors. Among these factors, physical and chemical changes of the stumps, fungi developing in the dead wood and stump size are most often reported. However there is limited information about the abundance of insects in stumps that are located on mountains where there are different microclimatic conditions. The studies pointed at the determination whether the location of Picea abies stumps in mountains at different altitudes above sea level and on mountainsides with different sun exposure has an impact on the frequency of insects colonising them. The study was carried out in the Eastern Sudety Mountains situated in south-western Poland. The stumps were in clearcuts located at the altitudes 600-700 m and 900-1000 m above sea level and on southern and northern mountainsides. The insects were collected from 0.05 m 2 of bark from each stump and identified to the family, order or species level. The numbers of insects in the stumps were modelled with the use of the Poisson distribution or the negative binomial distribution and the generalised linear models. Picea abies stumps were colonised by insects from 16 families in 3 orders (Coleoptera, Diptera, Hymenoptera) in which the Coleoptera was most frequently represented by the families Cerambycidae, Curculionidae (with the sub-family Scolytinae). In the stumps located at the elevation of 900-1000 m there were 28% more insects than in the stumps at 600-700 m. The stumps located on mountainsides with northern exposure were colonised more abundantly by Cerambycidae. Numbers of Curculionidae in the stumps were affected by altitude. Most Curculionidae were found in the stumps located at the elevation 900-1000 m above sea level. The interaction of altitude and mountainside exposure showed more insects in the stumps at higher altitude, regardless of the mountainside exposure. The results showed that the total number of insects in the stumps was influenced by their location in mountains.
IntroductIon
Insects that colonise forest tree stumps form a range of dynamically changing assemblages. Important factors that influence entomofauna are changes in the physical and chemical properties of the stump that occur over time (Wallace 1953; von Sydow and Birgersson, 1997) . These encompass changes in the microclimatic conditions of the stump (temperature and humidity) resulting from the processes of bark and wood decay. The number of insect species in the stumps decreases with progressing wood decomposition (Wiąckowski 1957) . At the same time, the species of insect colonising the stumps change, from highly specialised (e.g., cambioand xylophages) towards generalist insects (e.g., ants Formicidae) (Starzyk and Sęk, 1983) . As indicated by von Sydow and Birgersson (1997) , in the first months after the formation of Scots pine (Pinus sylvestris L.) and Norway spruce [Picea abies (L.) Karst.] stumps, the chemical and physical processes have started, and these are followed by a decrease in stump humidity and a reduction of the number of living wood cells. Along with other changes, the concentration of ethanol declines in the resin, which is known to be an attractant for the family Curculionidae (Montgomery and Wargo 1983; Lindelöw et al. 1993; Schlyter 2004; Miller 2006) .
The fungi developing in dead wood influence the insect assemblages in the stumps. The results obtained by Skrzecz (1996 Skrzecz ( , 2001 indicated that a saprotrophic fungus Phlebiopsis gigantea (Fr.: Fr.) Jülich, which develops in P. sylvestris stumps, reduced stump colonisation by the large pine weevil Hylobius abietis (L.). Jonsell et al. (2005) found that mycelium of Fomitopsis pinicola (Sow.; Fr.) and Trichaptum abietinum (Dicks.) Ryvarden in P. abies stumps reduced the colonisation of 2-m-high stumps by many species of insects. Adverse effects of Heterobasidion spp. infections in P. abies stumps on insect species composition and the number of insects in the stumps were observed by Abrahamsson et al. (2008) .
Entomofauna changeability is also determined by external microclimatic conditions. The insect species composition in the stumps left behind on clearcut areas (exposed to sunlight) differs from that in the stumps situated inside forest stands (shady sites). Starzyk (1977; Starzyk and Sęk 1983) and Kosibowicz (1987) observed that P. abies stumps situated within open areas were colonised by more insect species in comparison to the stumps within shady areas. Corresponding results were reported in Scandinavia, where it was observed greater species richness of saproxylic beetles in 4-m-high stumps left behind on clearcut areas than in analogous stumps localised in less-sunny spots (e.g., forest edges) (Lindhe and Lindelöw 2004; Fossestøl and SverdrupThygeson 2009) .
One more important reason of the variability of insect species composition in the stumps is the size of stumps (diameter and height). Långström and Hellqvist (1985) showed a positive correlation between the diameter of P. silvestris stumps and the intensity of colonisation by insects, especially by the pine shoot beetle Tomicus piniperda (L.). Furthermore, Schroeder et al. (1999) found a positive correlation between the diameter of P. abies stumps and the intensity of colonisation by the spruce bark beetle Ips typographus (L.).
Insect assemblages in the stumps are also influenced by the height of the stump. This aspect was thoroughly researched in Sweden (Jonsell et al. 1998 (Jonsell et al. , 2005 Schroeder et al. 1999; Lindhe and Lindelöw 2004; Abrahamsson and Lindbladh 2006; Lindbladh and Abrahamsson 2008) , where it is now recommended to leave high (above 0.5 m) stumps on clearcut areas because these provide habitat for many rare insect species.
As described above, investigations have been carried out on the various effects of factors such as wood and bark decomposition, sunlight availability and stump size on insect assemblages. However, the effects of different external microclimatic conditions on entomofauna in the stumps located on southern and northern mountainsides with different sunlight availability have not been reported yet. Furthermore, there is little information on insect assemblages in P. abies stumps localised at different mountain altitudes above sea level (a.s.l.). The lack of such information led to the studies in which the following hypotheses were adopted: -the altitude a.s.l. affects insect assemblages in P. abies stumps, and due to more favourable weather conditions, the stumps located at lower altitudes a.s.l. are more intensively colonised by insects than those located at higher altitudes; -the localisation of P. abies stumps on different mountainsides has an impact on the number of insects, and the increased sun exposure of stumps on southern mountainsides encourages their colonisation by insects;
-the interaction between mountainsides and altitude a.s.l. causes the most intense colonisation of stumps located on the lower altitudes and on southern mountainsides. The present study was undertaken to determine whether diverse conditions of stump sites localised on altered mountainsides and altitudes a.s.l. influenced insect assemblages in fresh P. abies stumps.
MAterIAl And Methods

Study area and insect sampling
The study was carried out in forest stands managed by State Forests in the Eastern Sudety Mountains si tuated in south-western Poland (50°20'35''N, 16°52'43''E) (Fig. 1) . The experimental region was located 450-1425 m above sea level where the mountain climatic conditions show distinct zonation depending upon the altitude above sea level (Malachowska et al. 2007 ). The average annual temperature is 6.5 o C at an altitude of 500 m a.s.l. and 2.4 o C at >1100 m a.s.l. The vegetative growing season lasts 195-200 days at 500 m a.s.l., 190-195 days at an altitude of 700 m a.s.l. and 150 days at 1200 m a.s.l. The average annual precipitation is from 700 mm (500 m a.s.l.) to more than 1200 mm (altitudes above 1250 m). The snow cover remains from 105-110 days at the elevation of 500-600 m a.s.l. to approximately 180 days at 1300 m a.s.l. Southern and south-western winds dominate and cause serious damage in the forests.
The observations were conducted in the years [2003] [2004] [2005] in areas of clearcuts located at 2 altitudes a.s.l. and formed after the harvest of 70-to 100-year-old P. abies stands (more than 85% spruce trees) that had been damaged by wind. The observed clearcuts (3-5 ha) were situated at 600-700 m a.s.l. and 900-1000 m a.s.l. The high-diameter timber (e.g. the trunks, treetops) was removed from these areas, while the small logging slash (wood debris) remained because its removal is difficult and not economical in high mountain areas.
All clearcuts were surrounded by P. abies stands (>85% spruce trees) that were more than 60 years old and the distance between them was greater than 500 m. On the clearcuts, there were centrally located (>15 m from the forest edge) experimental plots 0.06-0.09 ha (25-30 × 25-30 m) in size. Twelve research plots were established each year of observation: -6 research plots at an altitude of 600-700 m a.s.l., of which 3 plots were situated on mountainsides with a northern exposure and 3 on mountainsides with a southern exposure, -6 research plots at an altitude of 900-1000 m a.s.l., of which 3 plots were situated on the mountainside with a northern exposure and 3 on mountainsides with a southern exposure. During 3 years of observations, 36 research plots were established in total (18 at 600-700 m and 18 at 900-1000 m a.s.l.). Within each plot, 10 P. abies stumps were observed. A total of 360 stumps were observed. Only man-made and fresh stumps (8-12 months old) were selected for further observations. These were stumps that had been created in either the last four The numbers indicate altitude above sea level, the black triangles the position of experimental plots months of the previous year or the first 4 months of the current year of investigations. The selected stumps were uniform in size. Their diameter was between 45 and 72 cm (57.1 cm; 16.3%, mean; coefficient of variation), and the height was between 25 and 52 cm (36.2 cm; 19.7%). In September or October of the study years, 5 bark samples were collected from 10 stumps on each research plot (sections 10 × 10 cm, in total 0.05 m 2 of bark/stump) (Safranyik and Linton 1999) . The samples were taken from aboveground stump parts around the root neck and from coarse roots distributed around the stem base. Each sample included any insect material found in and under the collected bark. Next, bark samples were transported to the laboratory to extract all the insects. The insect culture was carried out in photoeclectors (securely covered cardboard boxes 50 × 40 × 30 cm). Additionally, a container filled with water and covered with mesh was placed in each photoeclector. In each box, a glass tube was fixed for the collection of emerging adults. The culture was carried out at 22±2 o C and 60% humidity for 4 weeks. Then, all insect larvae, pupae and adults found in the samples were identified to the family, genus or species level according to the keys for the determination of Polish insects.
Statistics
The number of insects in the stumps was treated as count data, which were modelled with the use of the Poisson distribution or the negative binomial distribution. Accordingly, the generalised linear models GzLM (Nelder and Weddenburn 1972; McCullagh and Nelder 1989) were applied in the statistical analyses. The influence of the explanatory variables, such as stump altitude and exposure, on the response variable was assessed. The analyses were carried out on the total number of insects and separate calculations were also performed on various insect taxonomic groups that were identified (Cerambycidae, Curculionidae, Scolytinae, other insects). For each group, the fixed model was applied:
where: log(λ ijk ) -the canonical link function, λ ijk -the mean count for the ijk th altitude -mountainside-year combination, a i -the i th altitude effect (i = 1, 2), m j -the j th mountainside effect ( j = 1, 2),
The year of the study was included in the model as a covariate to take into account the possible variation resulting from the impact of weather conditions.
Due to the possibility of overdispersion (McCullagh and Nelder 1989) , and therefore the possibility of the incorrect application of the Poisson model, the goodness-of-fit statistic (Stokes et al. 2000; Littel et al. 2002) was used in the analyses. The evidence of overdispersion was tested with the likelihood ratio test based on the Poisson distribution and the negative binomial distribution (Cameron and Trivedi 1998) . In cases of overdispersion, the analysis of the model for a given insect group was carried out with the use of the negative binomial distribution with log (l) as the canonical link. Otherwise, the Poisson distribution was applied. Details concerning the selection of the model for the selected groups are reported in Table 1 . The significance of the model effects was tested with the likelihood ratio chisquared statistic for the type 3 analysis. The contrast analysis was applied for comprehensive comparisons of significant model effects. ), the values of the deviance in the model based on the Poisson distribution were much higher than the value of 1. This indicated great overdyspersion and consequently the negative binominal distribution was applied for these insect groups. The Poisson distribution in which statistical values were corrected with regard to overdispertion (Littel et al. 2002) was applied for Scolytinae and the group of other insects.
The analyses were carried out using SAS 9.2 software (SAS Institute 2008). The procedure GENMOD (Stokes et al. 2000; Littell et al. 2002) was followed.
results
The total number of insects in P. abies stumps
The results indicated insect colonisation in all 360 stumps that were examined during three years of observations. In total, there were 1930 insects collected (95% in the larval stage) (Tab. 2). On average, 5.36 ± 0.28 insects (mean ± SE) were found in the bark samples collected from each stump (0.05 m 2 /stump). The family Cerambycidae (53.2% of all insects collected) was the most abundant and in the bark samples (0.05 m 2 ) from one stump, there were 2.85 ± 0.18 insects on average. The family Curculionidae, excluding the subfamily Scolytinae (30.0%), was the next most abundant group, represented by an average of 1.64 ± 0.16 insects in 0.05 m 2 of bark. The subfamily Scolytinae was the third most abundant group and included 8.2% of the insects that were collected (average 0.45 ± 0.11 specimens/0.05 m 2 of bark). The remaining 8.6% of collected entomofauna (on average 0.51 ± 1.46 specimens/0.05 m 2 of bark) belonged to 16 insect families. These insects were analysed together, forming the group of other insects. The group of other insects was represented most numerously by Elateridae, and 2 families belonging to Diptera: Muscidae and Rhagionidae.
A comparison of the number of all insects found in the bark samples (0.05 m 2 /stump) collected from the 180 stumps at 600-700 m and at 900-1000 m a.s.l. indicated a statistically significant increase of the total insect number in the stumps situated at a higher altitude by 37% (Tab. 3, Fig. 2 ). The total number of insects found in the bark samples (0.05 m 2 ) collected from the 180 stumps situated on the mountainsides with a northern exposure was 24% higher when compared with the bark samples taken from the 180 stumps situated on mountainsides with a southern exposure. These differences were statistically significant (Tab. 3). The effect of altitude-exposure interaction showed the same intensity of stump colonisation by insects on the northern exposure regardless of the altitude (Tab. 3, Fig. 3) . However, the total insect number was significantly higher in the stumps situated on mountainsides with a southern exposure at an altitude 900-1000 m and was similar to the number of insects found in the stumps with a northern exposure. 
Cerambycidae
Statistical differences in Cerambycidae numbers were observed only in stumps situated on the mountainsides with different exposures (Tab. 3), in which case 39% more insects were found in the stumps with northern exposure (Fig. 4, 5) . Significant differences were observed between numbers of Curculionidae (excl. Scolytinae) depending on stump altitude; more than twice specimens were found in the stumps at 900-1000 m than at 600-700 m a.s.l. (Tab. 3, Fig. 6 ). Effect of altitude-exposure interaction showed that these differences occurred regardless of mountainside exposure (Tab. 3, Fig. 7) . At the same time, at altitude 600-700 m these insects were more numerous in the stumps situated on the mountainsides with northern exposure. 
Scolytinae
Comparison of Scolytinae numbers indicated significantly three times more specimens in the stumps located at higher altitude (Tab. 3, Fig. 8 ). Although more insects were found in the stumps with southern exposure, these differences were statistically insignificant when compared with the stumps situated on the mountain- (Fig. 8) . A statistically significant effect of altitude-exposure interaction showed that most Scolytinae colonised the stumps situated on the mountainsides with southern exposure at the elevation of 900-1000 m a.s.l. (Tab. 3, Fig. 9 ). The smallest numbers of this group were observed in the stumps with southern exposure situated at 600-700 m a.s.l. Scolytinae numbers in the stumps on the mountainsides with northern exposure were similar at both altitudes. 
Other insects
The group of other insects indicated higher numbers (by 31%) in the stumps at lower altitude (Fig. 10) . This difference was close to statistical significance (p = 0.058, Tab. 3). There were no differences between numbers of other insects in the stumps located on both exposures (Fig. 10) . Also the altitude-exposure interaction did not affect the numbers of other insects in observed stumps (Fig. 11) . 
dIscussIon
Picea abies stumps situated in the Eastern Sudety Mts. provided habitat for numerous insect species, mainly from the order Coleoptera. In the research material that was collected, the family Cerambycidae and Curculiondae dominated, followed by the considerably abundant sub-family Scolytinae. These results confirm wellknown observations that conifer stumps are the shelter or place of development for many beetles from the above families (Day et al. 2004; Evans et al. 2004; Sauvard 2004) . Other beetle families were represented by fewer specimens. The order Diptera was the next most abundant group of insects that were observed. Many groups of Diptera have larvae that develop in association with the dead wood of stumps (McLean 2000; Rotheray et al. 2001) . In most cases they are saprophages, though some are predators on other larvae. Other families were considerably less numerous. In this last group, the majority of specimens found belonged to Elateridae, Muscidae and Rhagionidae.
The number of insects in the stumps was influenced by the altitude a.s.l. More insects were observed in the stumps at an altitude of 900-1000 m than in the stumps at 600-700 m a.s.l. Similar results were obtained by Idris et al. (2002) who studying the insect assemblages at altitudes up to 1350 a.s.l. found the highest numbers of Coleopterans in pitfall traps located at 1100-1350 m a.s.l. Another cause for increased numbers of insects at higher altitudes may be a migration of insects by climate warming. Warmer than average temperatures, particularly during summer, appeared to shorten the time for beetles to complete development. Also levels of parasitism and predation tend to decline with increasing altitude. Such conclusions were reached by Gibson et al. (2008) investigating the migration of Dendroctonus ponderosae and by Hoiss et al. (2012) studying the impact of altitude on bee communities. On the other hands, Hodkinson (2005) said that different species vary in their population response to altitude showing increasing, declining or no altitudinal trends in abundance. He also maintained that population densities of phytophagous insects at any altitude are ultimately determined by the trophic interaction between the host plant and the insect. The host plants at the highest altitudes are more exposed to the abiotic stressors such as lower mean temperatures, shorter growing season, poorer soils and increasing strong winds causing them more susceptible to insect attacks (Kronfuss and Havranek 1999) . Lower retention capacity and lower nutrient status affect resource allocation within the plants by increasing root to shoot biomass ration, thereby increasing the potential impact of root-feeding or root-developing insects (Brown and Gange 1990; Oleksyn et al. 1998; Kronfuss and Havranek 1999) . Weiss et al. (1988) concluded that local topography, by creating significant microclimatic variation, may have a major modifying effect on the distribution of insects, by producing effects over short vertical distances that override the more general altitudinal trends. The authors of presented studies consider also an influence of lower temperature on higher altitudes. It can prevents the stumps before drying, which makes them attractive to insects for longer time due to volatiles emitted from the resin which are well known attractants for bark and wood boring beetles (Montgomery and Wargo 1983; Lindelöw et al. 1993; Schlyter 2004; Miller 2006) .
The location of the stumps on the mountainsides affected the insect assemblages that were observed. The results showed more insects in stumps on mountainsides with a northern exposure, compared to the lower rate of insect abundance in the stumps located on southern mountains with higher sunlight availability. The effect of sunlight on insects in tree stumps has been investigated by several authors (Starzyk and Sek 1983; Kosibowicz 1987; Linde and Lindelöw 2004) . However, those studies most often compared entomofauna in tree stumps within open, sunny areas (clearcuts, windfallen or fire damaged stands) with those situated under trees (shady). Starzyk and Sek (1983) and Kosibowicz (1987) indicated that the colonisation of cambio-and xylophagous insects in P. abies stumps was affected by the degree of sunlight availability and showed higher numbers of insects in the stumps within open areas (wind-fallen stands) compared with the stumps located in shady stand sites. Similar results were obtained by Lindhe and Lindelöw (2004) , who observed a 50% increase in the numbers of saproxylic beetle species in the snags of spruce (P. abies), oak (Quercus robur), poplar (Populus tremula) and beech (Betula pendula) when compared with the stumps in shady stand sites. In the present study, all observed stumps were situated within open areas and exposed to the effects of wind, which would be even more pronounced on southern mountainsides where the additional sunlight could enhance the drying processes in the stumps. This could be the reason for the reduction of stump attractiveness for insects. Accordingly, the higher moisture in the stumps situated on the mountainsides with a northern exposure may be the reason for their prolonged attractiveness for many insect species. This explanation would provide additional support for the results obtained by Starzyk and Sek (1983) , who found the most numerous assemblages of insects in stumps with high humidity compared with those with low humidity.
The interaction of altitude and mountainside exposure affected the total number of insects in all stumps that were observed. The highest intensity of insect colonisation was observed in the stumps at an altitude of 900-1000 m a.s.l., regardless of mountainside exposure. Caroll et al. (2003) observed similar relations in the case of D. ponderosae which expanded its range into more northern mountainsides and higher altitudes -areas previously thought to be climatically unsuitable for beetle outbreaks. They think that the rapid colonization by beetles of these areas is related to the climate warming which allow the insects to further expand its range northward toward higher altitudes.
The number of Cerambycidae was affected by the different site conditions resulting from stumps that were situated on southern or northern mountainsides. In the present study, lower numbers of Cerambycidae larvae were found in the stumps on southern mountainsides. Presumably, this effect was caused by the availability of less suitable habitat for these insects being provided when the stumps dried out when exposed to the sun. In addition, the snow cover lasts longer on the northern mountainsides. The presence of a thermally protective snow cover can protect insects from extreme air temperatures making the stumps on the northern mountainsides more suitable for insect development (Coulson et al. 1995) . The altitude of a stump's location did not affect the level of stump colonisation by Cerambycidae. However, Starzyk and Szafraniec (1989) obtained different results while observing longhorn beetles in the Western Beskidy Mts. The authors showed that insect population numbers, as well as the species numbers, decreased with higher altitudes. A similar relationship was observed by Starzyk et al. (1991) in the Gorce Mts., where at 700 m a.s.l. they found 51 Cerambycidae species and only 18 species at altitudes ≥1200 m a.s.l. At the same time, the numbers of longhorn beetles were reduced by 73% at higher altitudes. According to Starzyk et al. (1991) , the spatial distribution of Cerambycidae was a result of various abiotic factors with limiting effects on the occurrence and population numbers of certain Cerambycidae species at higher altitudes.
The number of Curculionidae (excl. Scolytinae) in P. abies stumps was affected by the stump altitude. Lower numbers of weevils were observed in the stumps at 600-700 m a.s.l when compared with the stumps at 900-1000 m a.s.l. Many observations indicated that assemblages of Curculionidae (excl. Scolytinae) in conifer stumps were mainly of the genus Hylobius that is represented by weevils H. abietis and Hylobius pinastri. These species are known to be extremely pervasive pests of reforested areas (Wallace 1953; Więckowski 1957; Elton 1964; Day et al. 2004) . The results of studies conducted in the Polish mountains confirm that H. abietis belongs to the most abundant cambio-xylophagous species colonising P. abies stumps (Starzyk and Sek 1983) . This insect develops in the stumps of conifer trees that were killed by wind, snow, fire or insects; and in wood debris, such as fallen branches and tree tops lying on the ground (Leather et al. 1999; Day et al. 2004) . It is therefore assumed that the slash that is retained on clearcuts at higher altitudes may lead to the increased population of weevils in these areas.
Stumps that were situated on different mountainsides and had a resulting difference in sunlight intensity had no effect on the number of weevils in the stumps. Similar results were obtained by Bejer-Petersen (1975) , who found no significant differences in the numbers of H. abietis larvae in conifer stumps in clearcuts and partly cut areas. Fossestøl and Sverdrup-Thygeson (2009) also observed similar numbers of H. abietis in high stumps located in the forest edge and in clearcuts. Contrasting results were obtained by Bake and Lekander (1965) , who found higher numbers of H. abietis emerging from conifer billets in sunny areas than in shaded ones. Likewise, Kudela (1984) and KuziemskaGrzeczka (1984) observed higher numbers of H. abietis in stumps and trap logs situated on clearcuts than under stand crowns. Fossestøl and Sverdrup-Thygeson (2009) considered that rather small differences in stump placement could have a strong effect on the composition of beetles that are attracted to the decaying wood. This may explain the different results obtained by the authors that were mentioned above.
The interaction between altitude and mountainside exposure had an effect on the number of Curculionidae (excl. Scolytinae) in the observed stumps, even though the significant effect of mountainside exposure, when analysed separately, was not statistically significant. The interaction effect was evident in the stumps at 600-700 m a.s.l., where the number of weevils was higher in the stumps on the mountainsides with a northern exposure compared with the stumps on the mountainsides with a southern exposure. It is assumed that stumps that are situated at lower altitudes a.s.l. and on different mountainsides have a greater difference in humidity than stumps that are located at higher altitudes, where there is the drying effect of wind. It is possible that the reduced sun exposure leading to increased-humidity stumps located at lower altitudes on the northern mountainsides was one of the reasons for their more intensive colonisation by Curculionidae (excl. Scolytinae) (Starzyk and Sek 1983) .
The altitude a.s.l. was indicated to have an effect on Scolytinae found in the stumps. The stumps located at 900-1000 m a.s.l. were colonised much more abun-dantly by these insects when compared with those at 600-700 m a.s.l. However, Grodzki (2007) , who investigated the effects of altitude on catchments of I. typographus in pheromone-baited traps situated in the Carpathian Mts., reported different results. The author observed greater numbers caught in the traps situated at the elevation of 800 m a.s.l. when compared with the traps situated at higher altitudes (800-1100 m a.s.l.). However, the author indicated that the relationship observed was not strong. The explanation may be related to the effect of weather or climate change on bark beetles dispersal. Faccoli (2009) found that summer drought associated with high temperatures can lead to the more intensive migration of I. typographus to the weakened trees in mountains. In North America it was observed that bark beetle populations can be influenced indirectly by the effects of climate on host-tree vigor which can result in a movement of bark beetles to higher altitudes (Bentz et al. 2010; Caroll et al. 2003) .
Mountainside exposure had no effect on the number of Scolytinae in the stumps. Although more specimens were found in the stumps with a southern exposure, no differences with the stumps with a northern exposure were detected by the statistical tests used. The results obtained in the present study indirectly support the results of Grodzki (2007) , who compared I. typographus pheromone trap catchments in the Bieszczady, Gorce and Tatra Mts. (Poland). The author observed higher catchments in the traps located on mountainsides with southern and eastern exposures when compared with mountainsides with northern and western exposures. The results of the present study showed significant effects of the interaction between altitude and mountainside exposure on the number of Scolytinae in the stumps that were observed. Scolytinae preferred P. abies stumps located at higher altitudes and with a sunny exposure where there were the best conditions for their development.
The comparison of insect numbers of less abundantly represented families observed in the stumps indicated that insects in this group were not affected by either stump altitude or mountainside exposure. However, low numbers of collected specimens in this group could be a reason for the results that were obtained when statistical tests were applied.
This study showed for the first time the changes in the abundance of insects in P. abies stumps depending on their location in mountain conditions. In many cases, the explanation of observed dependencies was based only on assumptions, and for that reason, these topics require further research.
conclusIons
Picea abies stumps located in the Eastern Sudety Mts. were colonised by insects from 18 families in 2 orders. The order Coleoptera was the most abundantly represented (97% of all collected entomofauna). The family Cerambycidae and Curculionidae, including the subfamily Scolytinae, were the most abundant with regard to insect numbers. Other families were considerably less numerous. In this group, the majority of specimens belonged to Elateridae, Muscidae and Rhagionidae.
The location of stumps a.s.l. affected the total number of insects colonising them. The stumps in clearcuts established at an altitude of 900-1000 m a.s.l. were colonised by insects to the greatest extent compared with those at the altitude 600-700 m a.s.l. The mountainsides on which the stumps were located also influenced the total number of insects in the P. abies stumps. More insects were found in the stumps on northern mountainsides, where less sunlight availability led to the increase in stump colonisation. The interaction effect between the altitude and mountainside exposure showed that the highest frequency of insects was recorded in the stumps at an altitude of 900-1000 m, regardless of mountainside exposure.
The number of Cerambycidae in P. abies stumps was influenced only by mountainside exposure and resulted in the highest frequency of this family in stumps located on northern mountainsides. Altitude a.s.l. was the most important factor influencing stump colonisation by Curculionidae (excl. Scolytinae), which preferred the stumps situated at higher altitudes. The location of stumps in the mountains had no effect on the numbers of the other insects that were observed.
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